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lower face height indicators
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ephalometric evaluations of lower face

height range from relating the mandib-

ular corpus to cranial or facial referen-
ces (sella-nasion, Frankfort plane, palatal plane),
to comparing ratios of lower face height to
upper or total face height.

Common representation of the lower border
of the mandible consists of a line connecting
menton to the most inferior and posterior por-
tion of the mandibular body*2 or a line connect-
ing gnathion to gonion3. Following implant stu-
dies by Bjork¢ and Bjork and Skielers,the utility
of this representation has been questioned since
considerable bone remodeling was found to
occur with growth at the lower border of the
mandibular body. This finding contradicts the
earlier statements of Sicher and Weinmans¢ that
apposition of bone at the lower border of the
mandible is negligible, but the relevance of this
information is still unresolved.

The corpus axis (CA) has been proposed as an
alternative to the mandibular plane by Ricketts
et al”. This consists of a line connecting point Pm

on the anterior contour of the chin to point Xj, a
landmark constructed by bisecting the height
and width of the ramus. Lower facial height is
assessed using the angle ANS-Xi-Pm (Fig. 1).
However, the Frankfort Horizontal defines the
axes used in constructing point Xi, and the use of
this horizontal may introduce clinically signifi-
cant error because of variations in defining Por-
ion and Orbitale®?. Such an error may be propa-
gated to affect the position of the dependent
landmarksto.

This paper evaluates mandibular rotation over
a period of active growth and compares cepha-
lometric methods used to evaluate the rotation.
Specific aims are to compare the corpus axis
with the mandibular plane in the assessment of
mandibular rotation, and compare various mea-
surements using corpus axis or the mandibular
plane in the vertical assessment of the lower
face. The ratio of lower face height to total face
height is evaluated as a separate indicator of the
facial vertical dimension.
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Lower face height indicators and mandibular rotation are assessed at 7 and 12 years of age in a sample of 46 children,
comparing the corpus axis and mandibular plane as indicators of change in mandibular position. The parameters involving the
mandibular plane consistently show higher correlations.
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Figure 1

Cephalometric land-
marks and lines used:
sella (S) nasion(N); NS
line; porion (Po); orbi-
tale (Or); Frankfort hori-
zontal (FH); Xi (a con-
strucied center of ramus,
determined by geometric
bisecting of the height
and width of the ramus,
using FH for orientation);
supragonion or Pm, point
at the anterior border of
the symphysis between
point B and pogonion,
where the curvature
changes from concave
to convex; corpus axis
CA connecting Xi and
Pm; palatal plane PP con-
necting anterior (ANS)
to posterior (PNS) nasal
spines; mandibular plane
MP as the tangent to the
lower border through
menton (Me); lower face
height ANS-Me; upper
face height N-ANS.
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Materials and Methods

Lateral cephalographs of 46 white children (27
girls and 19 boys) from the Burlington study at
the University of Toronto were evaluated at
ages 7 (t;) and 12 (t,), based on the following
criteria:

(1) A Class I occlusion in the early transitional
dentition;

(2) No indication of caries affecting the mesial
or distal surface of any teeth in the buccal
segments;

(3) No missing teeth;

(4) No history of orthodontic treatment.

Each cephalograph was traced twice by each
of two investigators and the means of the mea-
sured values calculated. Open-mouth cephalo-
graphs were used to supplement the details of
sigmoid notch anatomy which is needed for
exact determination of the corpus axis. The
cephalometric landmarks and lines used are
shown in Figure 1.

The sample was divided into forward rotators
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(FR) and backward rotators (BR), based on the
direction of facial growth during observation
period. This classification was made according to
the 5-N to CA angle and the S-N to MP angle.
When the increment in each of these angles
during the observation interval was positive, the
pattern of rotation was considered BR. When
the increment was negative, the rotation patt-
ern was considered FR. The results based on the
S-N to CA angle were then compared to the
classification based on the S-N/MP angle.

Axxgular and linear measurements were made,
recording angles ANS-Xi-Pm, FH/CA, FH/MP,
PP/CA, and PP/MP; the distance ANS—Me and
the ratio of lower face height to total face height
(LFH/TFH). All values were measured at t; and
t, and compared.

Interexaminer reliability was evaluated by cal-
culating intraclass correlation coefficients for
the various parameters studied. Correlation
coefficient was calculated for the distribution of
mandibular rotation in the FR and BR groups



Table 1 Table 2
t, % SN/MP
FR  BR

SN/CA 070 060

SN/MP 096  0.96

FH/CA 061 067 SN/CA ;’; 2; g f?
FH/MP 093 087

PP/CA 073 074 % 1 46
PP/MP 094  0.96

ANS-Xi-PM 043  0.43

LFH(mm) 086  0.97

UFH(mm) 079  0.85

SN/MP SN/CA
t t: t t.

SN/CA 390+48 ** 37.7+5.8 395+50 * 37.5+5.9
SN/MP 349+47 * 322+55 349+46 * 321455
FH/CA 303+ 4.4 315+ 5.1 320+ 4.4 315+ 54
FH/MP 288+ 44 * 259+55 285+41 ** 259459
PP/CA 312+ 4.3 301+ 4.5 31.8+45 * 302447
PP/MP 274+42 * 243+ 4.6 273+42 * 245+49
ANS-Xi-Pm 434+34 ** 424+38 435+36 ** 42.4+42
LFH/TEH (%) 057+002 * 055+002  057+002 * 056+0.0

*Statistically significant difference between measurements at t, and t,: *p<0.001, **p<0.01.

according to SN/CA angle vs. SN/MP angle. A
series of t-tests was conducted to compare,
between t; and t,, the lower face height indica-
tors (S-N/CA, S-N/MP, FH/CA, FH/MP, PP/CA,
PP/MP, ANS-Xi-PM, LFH/TFH) in the estab-
lished FR and BR groups, and in the total sample
without any group differentiation.

Results

Correlations between the measurements per-
formed by the two investigators ranged from r =
0.43 to r = 0.97 (Table 1). All of the measure-
ments which involved the corpus axis (FH/CA,
PPICA, S-N/CA, ANS-Xi-PM) showed a lower
coefficient (r) than similar measurements which
involved the mandibular plane (FH/MP, PP/MP,
S-N/MP) or other parameters (LFH, UFH).

The distribution of FR and BR as established
by S-N/MP or S-N/CA is shown in Table 2.
Twenty-seven cases were FR and nine cases
were BR as measured by both methods. The
other ten cases were categorized differently by the
two methods. The correlation of mandibular rota-

tions based on S-N/MP and S-N/CA wasr = 0.68.

Lower face height indicators are shown in
Tables 3 and 4, following the classification of FR
and BR according to S-N/CA and S-N/MP.
Highly statistically significant differences
(p<0.001) in the parameters measured at t; and
t, were observed for the measurements involv-
ing MP in the FR groups (Table 2). The ratio
LFH/TFH was also statistically significant in
these groups (p<<0.001).

In the BR groups, differences between t; and
t, were statistically significant for S-N/MP in the
BR group defined as such by S-N/MP, for S-
NJCA in the group defined as BR by S-N/CA,
and for the ratio LFH/TFH in both BR groups
(defined by either S-N/MP or S-N/CA) (Table 4).

Since errors of classification of FR vs. BR may
have resulted from small differences between
these two groups, the values of the parameters
were pooled and evaluated without any group
differentiation. Statistically significant differen-
ces between t, and t, were then observed for all
parameters not including CA (Table 5).
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Mandibular rotation

Table 1

Intraclass correlation
coefficients of mea-
surements by twoinves-
tigators at t, and t,.

Table 2

Mandibular rotation as
measured by the angles
SN/MP and SN/CA.
(FR = forward rotation;
BR = backward rotation)
Correlation coefficient
r = 0.68. '

Table 3.

Means and standard
deviations of lower face
indicatorsin FR groups
established by the
angles SN/MP and
SN/CA.
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Table 4.

Means and standard
deviations of lower face
indicatorsin BR groups
established by the
angles SN/MP and
SN/CA.
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SN/MP SN/CA
l1 tz t1 tz
SN/CA 39.9+7.0 40.7 6.6 381+59 * 400x6.2
SN/MP 332+72 * 352%6.7 33.6 6.6 343+ 6.4
FH/CA 326 +5.7 32.8+57 326+ 5.2 324149
FH/MP 27.0+ 6.0 274+ 58 28.1+£6.0 26.8+ 5.1
PP/CA 31.6 6.0 323+t 62 30.4+49 31.3+54
PP/MP 260+ 5.7 26.7 £ 6.0 26.6 +5.3 256 5.2
ANS-Xi-Pm 439+ 4.4 4421+ 54 43.6 + 3.9 436+ 4.3
LFH/TFH 0.57+0.02 * 0.56+ 0.02 057002 * 056+00

*Statistically significant difference between measurements at t, and t,: p<<0.001

Discussion

Changes in the lower face have been studied
with various methods. The present investiga-
tion looked at pararneters of evaluation of the
lower face as it related to the maxilla (PP/CA,
PP/MP, ANS-Xi-PM, LFH/TFH), the Frankfort
horizontal (FH/CA, FH/MP), and to the cranial
base (S-N/CA, S-N/MP).

When the measurements of the two examin-
ers were compared, the parameters involving
MP consistently showed higher correlation than
those related to CA (Table 1). This finding sug-
gests that the construction of CA is subject to
more error than that of the mandibular plane
MP. Indeed, the construction of point Xiinvolves
bisecting the height and width of the ramus with
lines based on Frankfort horizontal, all subject to
error of estimation and/or location of landmarks
{e.g. Orbitale, Porion). Also, the location of point
Pm may involve some variation.

However, these findings do not necessarily
mean that MP is more reliable than CA in
representing the mandibular body.

Discrepancies in determining mandibular rota-
tion occurred in ten cases (Table 2). These dif-
ferences may be due to the errors inherent in the
construction of CA and MP, and/or changes of
landmarks S and N relative to each other.

Statistical significance between t; and t, for
angular lower face height indicators was observed
distinctly for those involving MP in the FR
groups (Table 3). This finding underlines a dif-
ference, which may not necessarily be clinically relevant,
between MP and CA. However, in the BR

Vol. 59 No. 1

groups, S-N/MP and S-N/CA were the only
angular parameters with a statistically signifi-
cant difference between t; and t,, and only in the
BR group defined as such by either S-N/MP or
S-N/CA, respectively (Table 4).

This result reflects the small differences
between t; and t,, and suggests possible misin-
terpretations of lower face height if based solely
on either S-N/MP or S-N/CA. Differences may
also have resulted from the size of the sample in
each group. While 27 of the 46 cases studied
were defined as FR by either S-N/MP or S-
N/CA, only 9 of the 46 were identified as BR by
both criteria.

When the sample was not differentiated into
FR and BR groups, the mean values between t,
and t, tended to be smaller, reflecting the pre-
valence of forward rotation in the total sample
(Table 5). Also, statistically significant differen-
ces between t; and t, were observed for all
parameters not measuring CA, regardless of the
reference plane (S-N,FH,PP). This result sug-
gests that either CA was not accurately reprod-
ucible, or that MP undergoes significant remo-
deling between t, and t,. Each possibility corro-
borates criticism addressed at the reliability of
CA or MP#1o,

A larger sample including and differentiating
more extreme rotation patterns is needed to
form a conclusion on this question. Neverthe-
less, caution is indicated when evaluating lower
face height. A comparison of measurements
including MP and CA is suggested for such

evaluation.



Moreover, mandibular rotation over time may
be more accurately evaluated following super-
position of cephalometric tracings on structures
of the cranial and maxillary bases. Indeed, assess-
ing mandibular rotation through angular mea-
surements (S-N/MP, PP/MP, etc.) does not take
into account remodeling changes within the
anterior cranial baase or the maxillary base1112

Since measurements of the ratio LFH/TFH
were consistently significant (p<0.001) in FR
and BR groups regardless of the method of clas-
sification (Tables 3 and 4), and in the total sam-
ple (Table 5), this study supports the use of this
ratio as an indicator of anterior lower face
height.

However, the differences between the means
of the ratios in FR and BR groups are so small
(1% to 2%) that they may not be clinically signifi-
cant. This suggests the possibility of backward
or forward rotation of a mandible while the ratio
of anterior LFH/TFH remains unchanged. Con-
sequently, this ratio should not be used as an
indicator of mandibular rotation in the indivi-
dual case.

Finally, no specific conclusion may be formed
from this investigation regarding the contribu-
tion of the palatal plane in the vertical assess-
ment of the lower face. The angle PP/MP does
describe vertical patterns of “divergency”; how-
ever, a vertical pattern defined within normal
range by angle S-N/MP or FH/MP may be classi-
fied as “hyperdivergent” by the PP/MP angle if
the palatal plane is tipped by a relatively low PNS
and high ANS. Since the sample studied did not
include extreme (especially backward) rotating
patterns, the findings may reflect some impor-
tance of PP/MP measurements in those patterns
particularly.
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t t.
SN/CA 39.0+53 38.4+6.0
SN/MP 344+54 * 329+%59
FH/CA 325+47 31.8+5.2
FH/MP 28.3+49 ¥ 26.2+56
PP/CA 31.2+43 30.6 £5.0
PP/MP 271+ 46 * 249+50
ANS-Xi-Pm 436+ 36 428 +4.2
LFH/TFH (%) 057+£002 * 056002

and t,: p<0.001.

*Statistically significant difference between measurements at t,
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Table 5.

Combined values of
lower face indicators,
without differentiation
in FR and BR groups,
attimes t, and t,.
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